Perceptions of Usability and Design for Prefilled Insulin Delivery Devices for Patients With Type 2 Diabetes
Louise Heron, MA, Matthew Reaney, MSc, Norbert Hermanns, PhD, Linda Abetz, MA, and Laura Gregg, BA Diabetes has become one of the most common noncommunicable diseases globally and has been deemed one of the most challenging health problems of the 21st century. 1 In the United Kingdom alone, diabetes affects 4.9% of the population (~ 2.1 million people) and accounts for 5% of the total National Health Service expenditure.
1,2 Furthermore, type 2 diabetes represents 90% of all cases of diabetes in the United Kingdom. 2 The goal for diabetes management in type 2 diabetes patients is to maintain normalized blood glucose levels, reducing the risk of micro-and macrovascular complications.
Multiple oral and injectable medication classes exist for type 2 diabetes; each class affects blood glucose control through different mechanisms and has different effects on glucose profiles and on other important clinical outcomes such as weight. 3 Insulin is the most effective class of medication in lowering blood glucose, 3 although the estimated time frame for onset of insulin use in type 2 diabetes patients is ~ 8-10 years after diagnosis. 4 Although many patients with type 2 diabetes are initially managed through lifestyle modification, most eventually require insulin therapy. However, insulin initiation is often delayed because of factors such as patients' resistance to insulin therapy and worries about injections. Such delays affect glycemic control, have a direct effect on patient encounters, and may affect medication adherence. Insulin pen delivery systems may address some of these concerns.
This study had two phases. First, semi-structured qualitative interviews were conducted to identify the most important features of insulin delivery devices for prandial use from the perspective of patients (n = 8) and health care professionals (HCPs; n = 10). From phase 1, a 26-item questionnaire was developed. In phase 2, patients (n = 33 insulin naive, n = 78 pen users) and HCPs (n = 151) were asked to indicate the most important features to them in insulin delivery devices. Patients then simulated injection using three different pens (SoloSTAR, KwikPen, and FlexPen) and ranked them based on the same features.
The most important features were knowing that the entire dose has been injected, ease of reading the dose correctly, and ease of correcting if the dose is over-dialed. In the simulation study, KwikPen and SoloSTAR scored significantly higher (paired t test, P < 0.05) than FlexPen on "knowing if you have injected the entire dose" (mean score out of 10: KwikPen, 8.9; SoloSTAR, 8.6; and FlexPen, 8.4) . No other significant differences among the pens were noted in usability or design, and the mean ranking (from 1 to 3) of the pens was similar (KwikPen, 2.0; FlexPen, 2.1; and SoloSTAR, 1.9). By identifying which insulin delivery pens offer these features, HCPs can choose the most appropriate delivery device for patients, which may lead to earlier insulin initiation, greater patient adherence, and better clinical outcomes.
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For many of these patients, poor glycemic control is evident for a long period of time before initiation of insulin. 5 The inappropriate intensification of treatment to insulin therapy further affects glycemic control, has a direct impact on patient encounters, and may affect adherence to medications. [6] [7] [8] [9] [10] Earlier use of insulin in patients with type 2 diabetes has therefore been recommended by the European Association for the Study of Diabetes and the American Diabetes Association. 3 Delays in initiating insulin therapy may result from patients' psychological resistance to insulin, clinical inertia, or a combination thereof. 11, 12 Insulin is commonly initiated as basal therapy and may be intensified by the use of short-or rapid-acting insulin before meals (prandial insulin), or by using biphasic (premixed) insulin formulations. 3, 13, 14 In some European countries, prandial insulin is also frequently used within initial insulin regimens. 15 Insulin regimens can therefore be complex, requiring patients to administer multiple daily injections and health care providers (HCPs) to provide appropriate training and support. 16 Furthermore, patients' fears regarding insulin treatment often concern handling problems, hypoglycemia, 17 and insulin self-injection, [18] [19] [20] as well as the perception that insulin therapy is an indication that self-management (and therefore the patient) has "failed." 21 This highlights the importance of considering patient burden in the management of type 2 diabetes.
In addition to the reluctance to initiate insulin therapy, nonadherence to insulin is a significant issue in the management of type 2 diabetes, 22 with estimates of nonadherence ranging from 7 to 64% depending on the population and therapy studied. [23] [24] [25] Poor adherence to insulin has been associated with reduced therapeutic effectiveness, poor metabolic outcomes, decreased time to onset and progression of severe microvascular complications, hospitalizations, emergency department visits, and mortality. 4, 23, [26] [27] [28] [29] [30] The additional cost to U.S. health care system of nonadherence to pharmacotherapy in type 2 diabetes has been estimated to be as much as $846 per patient per year. 31 Insulin pen delivery systems may help to address some patient concerns regarding insulin therapy. Studies have shown more favorable patient-reported outcomes (e.g., acceptability, treatment satisfaction, ease of use, convenience, less injection pain, and decreased social stigma) with insulin pen delivery systems than with vial-and-syringe delivery systems. [32] [33] [34] [35] Since the launch of the first insulin pen delivery system in the mid-1980s (NovoPen, Novo Nordisk), pharmaceutical and device manufacturers have developed several easy-to-use prefilled disposable pen devices. These disposable pens are common and are generally more convenient for patients than reusable pens. 31, 36 This study sought first to understand the relevant features of prefilled disposable insulin pens from the perspective of patients and HCPs. It then aimed to elicit patients' and HCPs' perceptions of pen usability and design when simulating a prandial insulin injection using three of the global market-leading prefilled disposable pens: SoloSTAR (Sanofi Aventis, Paris, France), KwikPen (Eli Lilly, Indianapolis, Ind.), and FlexPen (Novo Nordisk, Copenhagen, Denmark).
Study Methods

Study design
The study was conducted in two phases, as illustrated in Figure 1 . Patients who were insulin-naive and current or previous prefilled insulin pen users were recruited to the study. The HCP sample comprised diabetologists and diabetes nurse educators (DNEs).
For both phases, the inclusion criteria for patients were as follows:
• Insulin-naive patients: < 80 years of age, at least 2 years' duration of type 2 diabetes, only receiving oral antihyperglycemic agents, not using injectables for any other condition, comfortable and open to discussing insulin injection at interviews, able to complete simulated injections without assistance from others. The interviews were digitally recorded and analyzed thematically for missing concepts or features, lack of clarity, and redundancy in the questionnaire. 39 The questionnaire 38 was then adapted according to the qualitative results to provide a comprehensive survey of the key features of prefilled insulin pens. Two versions of this questionnaire were created: one to evaluate the importance of the features and another to evaluate the perception of the insulin pens on these features.
Data collection for phase 2 (quantitative phase)
Using the same inclusion criteria, additional patients were recruited through fieldwork agencies to participate in a simulation study. These patients had not participated in the qualitative phase. The simulation study aimed to quantify the importance of different insulin pen features to patients, quantify patient perceptions of these pens, and quantify prescribers' perceptions of what patients feel is important in insulin pens.
At the start of the study, patients who provided written informed consent were asked to complete a sociodemographic form and a questionnaire to rate the importance of pen features identified in phase 1. Patients were then asked to simulate the preparation and delivery of insulin using SoloSTAR, KwikPen, and FlexPen disposable pens. For each device in turn, patients were asked to prime the pen (i.e., remove air bubbles that may be in the pen and dial the dose) and then deliver 20 units of insulin into an injection pad. The order of device use was rotated through a simultaneous algorithm to minimize order bias. After each simulated injection, patients were asked to complete a questionnaire to rate the features of the pen they had just used.
HCPs were recruited through fieldwork agencies and, after provision of consent, completed an Internet-based sociodemographic form and a questionnaire to rate their perception of the importance of features of insulin pens to their patients. No simulation or pen rating was performed with HCPs. An overview of the process followed for the quantitative phase is provided in Figure 1 .
Statistical analyses
Because this was an exploratory study, no power calculations were conducted. Sample sizes were chosen to provide meaningful data from a variety of patient and HCP subgroups (i.e., insulin-naive patients vs. current insulin users and users of the three different pen types) and therefore to allow subanalyses to be conducted. A target sample of 100 patients, 75 diabetologists, and 75 DNEs was determined; the final sample size of the study was 111 patients, 75 diabetologists, and 76 DNEs. The sample chosen was considered to be sufficient for the exploration of the data.
All analysis variables were assessed descriptively; discrete data were summarized presenting counts and percentages, whereas for continuous data counts, means with standard deviations (SDs), medians, quartiles, and ranges were calculated. To aid interpretation of the descriptive analysis, tests for statistical significance (t tests) were performed at a 5% significance level to assess differences in perceptions of pen design and usability. Summary statistics were performed using SPSS software (version 14, IBM, Armonk, N.Y.). (46) 18 (55) 15 (45) 42 (54) 36 (46)
Study Results
Phase 1: qualitative phase
Level of education (n [%])
Secondary education Noncompulsory secondary education Vocation education/trade school University degree Postgraduate university degree Other 81 (73) 8 (7) 7 (6) 11 (10) 3 (3) 1 (1) 23 (70) 1 (3) 2 (6) 5 (15) 2 (6) 0 (0) 58 (74) 7 (9) 5 (7) 6 (8) 1 (1) (24) 8 (7) 1 (1) 52 (47) 9 (8) 5 (5) 9 (8) 7 (21) 1 (3) 0 (0) 19 (58) 1 (3) 2 (6) 3 (9) 20 (26) 7 (9) 1 (1) 33 (42) 8 (10) 3 (4) 6 (8)
Ethnicity (n [%])
Asian Caucasian 38 Three items were added to the questionnaire after their importance as attributes was highlighted: "how well you can grip it," "hear the clicks as you dial the dose," and "tell how much is left in the cartridge." Other items were expanded to provide further detail (e.g., "its size" was expanded into three items "its length," "its width," and "its diameter"; and "changing the pen needle" was changed to "putting on the pen needle," "taking off the needle cap," and "taking off the needle [after injection]"). Some items were deleted because of perceived redundancy or irrelevance to the quantitative study. Further changes were made to the wording of items to increase clarity and avoid misinterpretation of statements.
Finally, statements within the questionnaires were re-ordered to match the process followed when patients use the prefilled insulin pens. The final questionnaire was 26 items long and included 14 items on design and 12 items on usability. Two versions of this questionnaire were created: 1. The "importance questionnaire," through which respondents rated the importance of design and usability features of prefilled insulin pens for the delivery of prandial insulin on a scale of 1 to 10 (where 1 was "not at all important" and 10 was "extremely important"). This questionnaire had different introductory text for insulinnaive patients, current pen users, and HCPs, although the items were the same. The questionnaire was designed so that patients could rate the importance of the features to them personally and HCPs could answer with reference to what they believed is important to their patients (rather than to themselves). 2. The "rating questionnaire," through which respondents evaluated each pen on the same features on a scale of 1 to 10 (where 1 was "extremely dislike" [design questions] or "extremely difficult" [usability questions] and 10 was "extremely like" [design questions] or "extremely easy" [usability questions]). Because they used the same items, the rating questionnaire could be mapped directly to the importance questionnaire. In addition, patients were asked to rank the three pens overall to provide their preferred choice of pens.
Phase 2: quantitative phase A total of 111 patients (33 insulinnaive and 78 current prefilled pen users) with a mean age of 60 years completed the quantitative phase. Overall, 54% were male, 97% were Caucasian, and close to 50% were retired. Thirty-six percent of patients had visual impairment. Sixty-eight percent used concomitant oral antihyperglycemic agents. Approximately 50% had hypercholesterolemia or hypertension (Table  1) . There were only two significant differences between the patient groups, related to the duration of diabetes (significantly more patients with a duration of diabetes > 12 years in the group of current pen users) and the number of patients aged 60-80 years (higher in the group of current pen users). Among pen users (n = 78, 70.2%), the mean number of injections per day was 3.6 (SD 1.48, range 1-11). The average number of units per injection varied depending on type of insulin administered, but overall for the first injection (n = 78) was 24.4 (SD 17.87, range 3-80) and for the second injection (n = 76) was 34.2 (SD 38.78).
A total of 151 HCPs completed the quantitative phase, 50% of whom were diabetologists (n = 75) and 50% were DNEs (n = 76) ( Table 2) .
Importance of usability features
Among patients, the importance of usability features was largely similar between insulin-naive patients and experienced pen users, with the two most important usability features for both groups being knowledge that the entire dose was delivered (mean score 9.3, SD 1.29, out of 10, where 10 was "extremely important") and ability to read the dose (mean score 9.1, SD 1.26). All other usability features (in terms of ease of use) were also considered important to patients; the items with the lowest score in both groups (priming the pen and replacing the pen cap) still had scores on average closer to the "extremely important" anchor (score of 10) than to "not at all important" (score of 1) (mean scores 7.6, SD 2.3, and 7.2, SD 2.37, respectively) ( Table 3) .
The only statistically significant difference between non-naive and naive patients was in being able to hear the clicks when they dialed the dose; experienced pen users did not rate this feature to be as important as naive patients (7. Feature Article / Heron et al. (Table 3) .
When examining results by demographic group, importance rankings for "hearing the clicks as you dial" were significantly higher for patients > 60 years of age (n = 65) than for younger patients (n = 46) ( Statistically significant differences (P < 0.05) were noted between DNEs (n = 76) and diabetologists (n = 75) across all usability features, with DNEs consistently rating pen usability features as being of greater importance to patients. However, when the scores for each usability feature were ranked in order of importance, results were similar: as with patients, both DNEs and diabetologists ranked "knowing the entire dose has been administered" and "reading the dose" as being the most important usability features, whereas "priming the pen" and "replacing 
Note: Grey rows denote the design features of the pens; white rows reflect usability features. Rating scale: 1 (not at all important) to 10 (extremely important). *Significant difference in scores between patient type or HCP type (t test P < 0.05). †Significant difference in scores between all patients and all HCPs (t test P < 0.05).
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There were few significant differences in the scores for the usability features between patients and HCPs. Of note was that patients scored the importance of putting the needle on the pen significantly higher than HCPs (8. Table 3) .
Importance of design features
Patients generally scored design features as less important than usability features, with the exception of "how well you can grip while using it" (mean score 8.4 [SD 1.78]), pen robustness or durability (mean score 7.8 [SD 1.97]), and "how it feels in your hand when using it" (mean score 7.8 [SD 2.04]), which were the three most important design features to patients (Table 3) . Female patients scored the importance of several features significantly higher than males: "its discreetness in carrying it with you" (7.6 [SD 2.28] vs. 6.1 [SD 2.83], P < 0.05), "its discreetness when using it" (8. HCPs' perceptions of the importance of different design features to patients were largely similar to patients' own rankings of importance.
Patient scoring of each pen against key features
After testing the pens in the simulation exercise, patients scored each pen on each of the key features. Findings are detailed in Table 4 , along with the ranking compared to the other pens for each usability or design feature.
The FlexPen scored significantly lower than the other two pens on the attribute "knowing if you have injected the entire dose" (paired t test, P < 0.05). No other significant differences among the pens were noted in usability or design. The KwikPen scored highest on more of the usability features compared to the FlexPen and the SoloSTAR (5 vs. 3 and 0, respectively, out of 12). The SoloSTAR scored highest on more of the design features (7 vs. 2 and 2, out of 14).
When asked to rank the pens overall in terms of preference, current pen users were more likely to prefer their own pens to competitor pens (Figure 2) . However, when results are viewed for the whole patient population (n = 111), including both insulinnaive patients and current pen users, the mean ranking (from 1 to 3) of each of the pens was similar (KwikPen, 2.0; FlexPen, 2.1; and SoloSTAR, 1.9).
Discussion
The development of insulin pens represents an important achievement in the management of diabetes, with 77% of patients reporting that pen devices facilitate adherence with their regimen. 40 However, delay to progression of insulin therapy and nonadherence to therapy is an ongoing and increasing problem. 16, 41 It is therefore important to understand patients' views on all of the components of insulin delivery, The three most important features to patients all relate to the usability of the pen: knowing the entire dose has been injected, reading the dose correctly, and correcting if the dose is over-dialed. It is also noteworthy that these are the top three features that HCPs (both DNEs and physicians) perceived to be most important to patients. This suggests that HCPs understand patient preferences and therefore may be able to adjust their prescribing decisions to meet these preferences. Few significant differences were noted between HCP specialties. Although there were few discernible differences between what was perceived as important to current pen users and to insulin-naive patients, importance scores for current pen users tended to be lower. Although HCPs perceived design features to be significantly more important to patients than patients themselves indicated, further analysis revealed that, although the importance score attributed to a particular feature was significantly different, the relative importance of that feature was similar. Therefore, it is important that the scores given to the different usability and design features be considered within the context of the ranking with other features.
As a second objective, this study aimed to elicit patients' and HCPs' perceptions of prandial insulin delivery when simulating an injection using three prefilled disposable pens: SoloSTAR, KwikPen, and FlexPen. After the simulation, patients were asked to score each of the three pens on their usability and design features.
Only one significant difference was noted among the pens; furthermore, the absolute difference between the scores for each pen was very similar, as every feature was ranked > 7 on a 1-10 scale. In terms of usability, the KwikPen ranked as the top pen of the three examined, and the highest design scores were given to the SoloSTAR. Overall, usability features appear to be of greater importance than design features (such as width, color, length, design, and weight) to adult patients with type 2 diabetes. This is also recognized by HCPs.
Findings from this study are consistent with and augment findings from previous studies examining patient preferences with insulin pen use. [42] [43] [44] Our results highlight the importance patients place on knowing that the entire dose has been injected, reading the dose correctly, and correcting if the dose is over-dialed.
The fact that these three features were the most important to patients would appear to support previous reports that the majority of patients using vial-and-syringe insulin delivery may incorrectly administer insulin because of timing and dosing errors.
42-44 A previous study 38 found that patients considered insulin pens to be more socially acceptable than vials and syringes. This study confirms that patients feel aspects of social acceptability are an important design feature of insulin pens (patients' overall mean score for a pen's discreteness in carrying it and using it were both 7.0 on a 1-10 scale). However, patients considered other features, primarily related to usability, to be more important than the discreetness of the insulin pens.
It is important to note that patients also find glucose control, cardiovascular risk, and weight gain to be key features to consider when deciding whether to choose a glucose-lowering therapy. 42 This was not evaluated in the current simulation study, but it is likely that an understanding of patients' perceptions and expectations about glucose control and side effects, as well as their needs regarding key pen features, will affect adherence.
When asked for an overall ranking of the pens, more than 50% of patients who were previous pen users ranked their own pen as the preferred choice. There is a potential bias in the scores toward pens already used by individual patients that may result from familiarity with a specific pen (patients in this study were asked to simulate only one injection with each pen) and that may limit the generalizability of findings.
However, these results also highlight the implications of pen preference as a barrier to switching insulin delivery device, if required. Further research will be valuable to understand the requirements for switching insulin delivery devices Feature Article / Perceptions of Insulin Pens for Type 2 Diabetes in patients with type 2 diabetes and any barriers to doing so in relation to patient preferences for pen features (usability and design).
We identified more statistically significant differences (P < 0.05) between DNEs and diabetologists than between insulin-naive patients and pen users. This could be partially the result of different sample sizes (75 DNEs vs. 76 diabetologists compared to 33 insulin-naive patients vs. 78 pen users). HCPs were not asked whether they themselves had diabetes; however, it is unlikely that this would have confounded results given that the questionnaire clearly asked what pen features they deemed to be important for their patients.
Although this study provides useful data regarding patient preferences and the preferences that HCPs perceive their patients to have, there are a number of limitations to consider. The study focused on patients with type 2 diabetes and was limited to the delivery of prandial insulin. Therefore, the results are not generalizable to patients with type 1 diabetes (recent research has highlighted the need to improve and refine the functionality of insulin pen devices for use in children and adolescents 45 ), to other types of insulin regimens (e.g., basal insulin or premixed insulin), or to reusable pens.
Although the overall patient sample size was large enough to perform many of the comparisons of interest (e.g., experienced pen users compared to insulin-naive patients), the small subsets of patients using the different types of pens (e.g., only 20 SoloSTAR users were included) prevented further analyses to determine differences in design and usability scores by insulin pen brands. Furthermore, the sample was one of convenience, and the generalizability is unknown. The patient characteristics were as expected, although the study purposefully over-sampled people with visual impairment (36%) 46 to gain an understanding of whether patients with vision problems place differing emphasis on the importance of various pen features than those without visual impairments.
Because the numbers of patients using the different pen brands differed, the higher ratings for patients' "own" pens may have introduced a bias in ratings for those pen brands that had a greater proportion of users in the study. It is important to note that we did not adjust for multiple comparisons because this was meant to be a descriptive study.
The study used newly developed questionnaires (based on an existing questionnaire 38 ) that, although content-valid, have not undergone psychometric testing. However, given that the questionnaires were reviewed at an item-by-item level, the results can still be considered scientifically robust. Nevertheless, future work to assess the reliability and validity of the questionnaires used would be valuable.
This study found few differences between insulin-naive patients and experienced pen users. However, this was a cross-sectional study. Further research examining how patients' perceptions change over time as they move from being insulin-naive to becoming experienced insulin users may provide additional insights. Linking such information to adherence and satisfaction may also provide added benefit to HCPs when making prescribing decisions.
Our study asked patients to rate the importance of features and asked HCPs to rate the importance of features from their patients' perspective. Future work could examine what HCPs themselves find important when prescribing and then compare this to patients' perceptions. This study shows that HCPs have a clear understanding of what is important to patients, but it would be useful to examine what they themselves find important and whether their importance criteria differ from those of patients.
Future research into patientreported outcomes in diabetes focusing on insulin delivery systems should consider the results of this study (in terms of the features that were important to patients and also the questionnaires used) when designing protocols. Future research may also wish to explore the demographic and clinical variables associated with pen preference in more detail, using, for example, multivariate modeling or multi-attribute utility theory analysis to determine preferences. This would provide further evidence regarding the significance of the findings of a similar study and may help to identify groups of patients for whom certain features are more important, thereby enabling physicians to recommend the most appropriate pen for their patients.
Patient preferences elicited from this research have highlighted certain pen usability and design features that are of importance to patients. Their preferences can be used to identify which of the existing insulin pens (and those in development) have these features to aid physicians in ensuring that they choose the most appropriate pens for their patients.
In a recent review of the link between satisfaction and adherence, 20 studies were found to show a positive association between treatment satisfaction and adherence, compliance, or persistence. The most satisfied patients were the most compliant or persistent, and the least satisfied were the least compliant or persistent. 47 In an observational study on subcutaneous versus oral treatment for iron chelation therapy, greater satisfaction in the oral treatment group was found and "never thinking about stopping treatment" was associated with less treatment burden, 48 indicating the importance and relevance of delivery device features in patient adherence. Better understanding patient preferences may ultimately lead to greater patient adherence to insulin therapy, an important issue given the clinical and economic consequences of nonadherence. Future research examining predictive factors in patient preferences and the link between preference and adherence is warranted.
